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(57) ABSTRACT 

A reproducible color gamut compression apparatus is pro 
vided that includes: a target reproducible color gamut com 
puting unit for computing a target reproducible color gamut, 
a compression ratio computing unit for computing a com 
pression ratio, based on reproducible color gamuts of dis 
play devices and on the target reproducible color gamut; a 
compression method determination information acquiring 
unit for acquiring information used to determine a compres 
sion method; a compression method determining unit for 
determining a method of compressing a source reproducible 
color gamut, based on the compression method determina 
tion information; and a reproducible color gamut compress 
ing unit for converting the Source reproducible color gamut 
into the target reproducible color gamut, using the deter 
mined compression method. 
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1. 

METHOD AND APPARATUS FOR 
COMPRESSING REPRODUCIBLE COLOR 

GAMUT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention generally relates to reproducible 

color gamut compression apparatuses and reproducible 
color gamut compression methods and, more particularly, to 
a method and apparatus of reproducible color gamut com 
pression, adapted for a combination of a plurality of color 
display devices such as monitors that are different in repro 
ducible color gamut, for converting a color that cannot be 
reproduced by a target display device into a reproducible 
color. More particularly, the invention relates to a reproduc 
ible color gamut compression method and a reproducible 
color gamut compression apparatus, in which the reproduc 
ible color gamut is compressed depending on a characteristic 
factor, the Volume of computation is Small and the process 
ing speed is relatively high. 

2. Description of the Related Art 
For example, Japanese Laid-Open Patent Application No. 

9-9829discloses a reproducible color gamut compression 
method designed to meet Such demands. Japanese Laid 
Open Patent Application 9-98298 proposes a reproducible 
color gamut compression method and a reproducible color 
gamut compression apparatus adapted for color DTP (Desk 
Top Publishing) wherein a consideration is given to differ 
ences between display devices in reproducible color gamut 
so that natural color reproduction is effected. The apparatus 
and method disclosed in Japanese Laid-Open Patent Appli 
cation 9-98298 realize smooth reproducible color gamut 
compression for an image characterized by a relatively high 
color Saturation, by using different compression methods for 
different areas. 

FIG. 8 is schematic view of a reproducible color gamut 
compression process according to the reproducible color 
gamut compression method disclosed in Japanese Laid 
Open Patent Application 9-98298. The color reproduction 
gamut compression method is such that an area outside the 
color gamut, which is reproducible by a monitor but not 
reproducible by a printer, is divided into three areas so that 
compression occurs in the respective areas. 
A description will now be given of how the reproducible 

color gamut compression method is performed. 
Given that a reproducible color gamut GMout of an 

output device is Smaller than a reproducible color gamut 
GMin of an input device, and a hue h is constant, two 
straight lines are drawn in a plane defined by an axis of 
brightness L* and an axis of color saturation C* so as to 
divide the reproducible color gamut GMin of the input 
device is into four areas including a common area AR1, a 
high-brightness area AR2, a low-brightness area AR3 and a 
high color saturation area AR4. Color gamut compression is 
performed for each of the areas AR1-AR4, the direction of 
compression being different from area to area. In this 
manner, a color residing in the reproducible color gamut 
GMin of the input system is converted into a color residing 
in the reproducible color gamut GMout of the output device. 
A color residing in the common area AR1 shared by the 

input reproducible color gamut GMin and the output repro 
ducible color gamut GMout is not subject to conversion. The 
high-brightness area AR2 is subject to compression toward 
(0. L* min), and the high color saturation area AR4 is 
subject to compression toward (C th, L*th). L* min indi 
cates a minimum value of brightness of the output repro 
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2 
ducible color gamut GMout and L. max indicates a maxi 
mum value of brightness of the input reproducible color 
gamut GMin and the output reproducible color gamut 
GMout, C*max, Li th indicate a maximum value of color 
saturation in the output reproducible color gamut GMout 
and an associated brightness, respectively. C th=C maxx 
K, where K is a positive number smaller than 1. 
By using the related-art color gamut compression method, 

i.e., by drawing two straight lines on a plane defined by 
brightness and color Saturation under a condition that the 
reproducible color gamut GM out of the output device is 
smaller in area than the reproducible color gamut GMin of 
the input device and that the hue is constant, dividing the 
input reproducible color gamut GMin into four areas by the 
two straight lines, performing color gamut compression in 
directions different from area to area so that a color residing 
in the input reproducible color gamut GMin is converted 
into a color residing in the output reproducible color gamut 
GMout, the color gamut compression ensures natural 
appearance of colors. 
One disadvantage with the color gamut compression 

method according to the related art is that the directions of 
compression differ from area to area in a discontinuous 
manner so that the Smooth transition between colors cannot 
be ensured at the borders between adjacent areas. The 
related-art color gamut compression is capable of compres 
sion wherein vividness of an image with high color satura 
tion is maintained. In contrast, however, a color in the 
high-brightness area AR2 is converted into a less vivid color 
and a color in the low-brightness area AR3 is converted into 
a color characterized by upward level shift of blackness. 
Upward level shift of blackness does not present a problem 
in a combination of a monitor and a printer because the 
capability of a printer to reproduce gradation in the low 
brightness area AR3 is inherently low. However, upward 
level shift of blackness presents a problem in a combination 
of monitors. Thus, the visible effect produced by the related 
art color gamut compression is different from image to 
image. If an image is characterized by a small low-bright 
ness area AR3, the related-art method may be favorably 
applied, causing no problem of upward level shift of black 
ness. If an image is characterized by a large high color 
saturation area AR4, a significant favorable effect is pro 
vided. Another disadvantage with the related-art color gamut 
compression is that it takes a relatively long period of time 
for color space conversion since the color gamut compres 
sion is performed in the LAB color space. Real-time com 
pression is difficult and the method is not suitably used for 
a display device Such as a monitor. 

Similar color gamut compression methods are disclosed 
in Japanese Laid-Open Patent Application No. 11-341296, 
Japanese Laid-Open Patent Application No. 4-284579, Japa 
nese Laid-Open Patent Application No. 9-9087, Japanese 
Laid-Open Patent Application No. 9-74494, Japanese Laid 
Open Patent Application No. 9-168097, Japanese Laid-Open 
Patent Application No. 11-141209, Japanese Laid-Open 
Patent Application No. 10-200764, Japanese Laid-Open 
Patent Application No. 10-229500, Japanese Laid-Open 
Patent Application No. 10-210275, Japanese Laid-Open 
Patent Application No. 11-275377, and Japanese Laid-Open 
Patent Application No. 11-69189. 
As described, since the related-art color gamut compres 

sion method involves a problem in that upward level shift of 
blackness may be produced when a color in the low 
brightness area AR3 is subject to compression. Upward level 
shift of blackness does not present a problem if a target 
display device is a printer. But it does present a problem in 



US 7,064,864 B2 
3 

a monitor. The result of color gamut compression according 
to the related art depends heavily on the characteristic of 
image. If every image is subject to the same process of color 
gamut compression, it is not ensured that resulting images 
Successfully pass predetermined criteria of evaluation. Since 
the continuity between the areas AR1-AR4 is poor and the 
color gamut compression is performed in the LAB color 
space, it takes a relatively long period of time to perform 
color space conversion, thus making it difficult to process 
compression on a real time basis. Accordingly, the related 
art method is not suitable for a monitor. 

SUMMARY OF THE INVENTION 

Accordingly, a general object of the present invention is 
to provide a method and apparatus for reproducible color 
gamut compression in which the aforementioned problems 
are eliminated. 

Another and more specific object is to provide a method 
and apparatus for reproducible color gamut compression, in 
which unnaturalness is reduced, division of color space is 
not performed so that color reproduction with smooth tran 
sition between colors is possible, computation is performed 
in a color space of an input signal or in the chromaticity 
coordinates so that there is no need for color space conver 
Sion, the processing speed is relatively high, and real-time 
processing is possible as a result of less heavy load on a 
CPU. 

A first exemplary embodiment of the invention allows 
computation of a compression ratio, based on a target 
reproducible color gamut and reproducible color gamuts of 
a plurality of display devices. A method of compressing a 
Source reproducible color gamut is determined based on 
compression method determination information. The Source 
reproducible color gamut is converted into the target repro 
ducible color gamut using the determined compression 
method. Where the display devices differ in reproducible 
color gamut, a color not reproducible in a target display 
device is converted into a reproducible color. Since repro 
ducible color gamut compression adapted for an image is 
performed, color reproduction in which unnaturalness is 
reduced is available. Since division of color space is not 
performed, color reproduction with Smooth transition 
between colors is possible. Moreover, since the computation 
is performed in a color space of the input image data or in 
the chromaticity coordinates, there is no need for color space 
conversion. The processing speed is relatively high. Real 
time processing is possible as a result of less heavy load on 
a CPU. 

A second exemplary embodiment of the invention allows 
determination of a method of compressing a source repro 
ducible color gamut, based on the compression method 
determination information acquired as a result of computa 
tion on an characteristic factor extracted by analyzing a 
distribution pattern of data of an image to be displayed, and 
on a reference value. Accordingly, it is possible to select a 
method of compressing a reproducible color gamut depend 
ing on an image type. Natural-looking and highly-precise 
color reproduction is thus available. 
A third exemplary embodiment of the invention allows 

one of a tone-level distribution, a color saturation level 
distribution and a brightness level distribution, determined 
from pixel-by-pixel signal values of the image data, to be 
examined in extracting the characteristic factor. Accord 
ingly, it is possible to select a method of compressing a 
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4 
reproducible color gamut depending on an image type. 
Natural-looking and highly-precise color reproduction is 
thus available. 
A fourth exemplary embodiment of the invention allows 

determination of a method of compressing a source repro 
ducible color gamut, based on an image pattern selected by 
a user. Accordingly, it is possible to select a method of 
compressing a reproducible color gamut Suitable for the 
user's preference depending on the viewing environment 
and purposes. 
A fifth exemplary embodiment of the invention allows 

computation of the compression ratio of complementary 
colors of three color signals constructing the data of an 
image to be displayed, based on the principle of the additive 
process of colors, so that the compression ratio is applied for 
each hue. It is thus possible to select a method of compress 
ing a reproducible color gamut depending on a hue. 
A sixth exemplary embodiment of the invention allows 

computation of a ratio of compressing a reproducible color 
gamut, in an input color space or in chromaticity coordi 
nates, so that there is no need for color space conversion, the 
processing speed is relatively high, and real-time processing 
is possible as a result of less heavy load on a CPU. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and further features of the present invention 
will be apparent from the following detailed description 
when read in conjunction with the accompanying drawings, 
in which: 

FIG. 1 shows a construction of a color gamut compression 
apparatus according to a first embodiment of the present 
invention; 

FIG. 2 illustrates a process of computation in a target 
reproducible color gamut computing means; 

FIG. 3 illustrates a process of computation in a compres 
sion ratio computing means; 

FIG. 4 illustrates a condition of determination by a 
compression method determining means; 

FIG. 5 shows a construction of a color gamut compression 
apparatus according to a second embodiment of the present 
invention; 

FIG. 6 shows a user interface of user information acquir 
ing means according to the second embodiment; 

FIG. 7 shows a construction of a compression ratio 
computing means in the color gamut compression apparatus 
according to a third embodiment of the present invention; 
and 

FIG. 8 is a schematic view of reproducible color gamut 
compression process according to the related art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

FIG. 1 shows a construction of a reproducible color gamut 
compression apparatus according to the first embodiment. 
Referring to FIG. 1, the reproducible color gamut compres 
sion apparatus comprises an image data input means receiv 
ing an image data including three color signals, and per 
forming a process on the input image. A target reproducible 
color gamut computing means computes a target reproduc 
ible color gamut. A compression ratio computing means 3 
computes a ratio of compression, based on a reproducible 
color gamut of a display device such as a liquid crystal 
panel, a CRT, a digital light processing (DLP) device and a 
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projector, and based on a target reproducible color gamut 
computed by the target reproducible color gamut computa 
tion means 2. A compression method determination infor 
mation acquiring means acquires information for determin 
ing a method of compressing a reproducible color gamut. A 
compression method determining means 5 determines a 
method of compressing a source reproducible color gamut, 
based on the compression method determination informa 
tion acquired by the compression method determination 
information acquiring means 4. A reproducible color gamut 
compressing means 6 compresses an image data using the 
reproducible color gamut compression method determined 
by the compression method determining means 5 so as to 
convert the image data into colors residing in the target 
reproducible color gamut. An image data output means 7 
outputs the image compressed by the reproducible color 
gamut compressing means 6 to a display device. 
A description will now be given of the operation accord 

ing to the first embodiment. 
An image data including three color signals is input to the 

image data input means 1. Upon receipt of the image data, 
the image data input means 1 subjects the image data to a 
pre-process before outputting the processed data to the 
compression ratio computing means 3. The pre-process may 
include gradation correction, pixel count conversion or hue 
correction, adapted for the input image data. The target 
reproducible color gamut computing means 2 determines the 
target reproducible color gamut, based on the color repro 
duction characteristics of two different display devices, and 
outputs the result of determination to the compression ratio 
computing means 3. The compression ratio computing 
means 3 computes a ratio of compression, based on the 
reproducible color gamut of the display devices and the 
reproducible color gamut computed by the target reproduc 
ible color gamut computing means 2. More specifically, the 
compression ratio computing means 3 computes a ratio of 
compression toward a boundary of target reproducible color 
gamut, based on the three color signals included in the image 
data, information relating to the target reproducible color 
gamut input from the target reproducible color gamut com 
puting means 2. The compression ratio computing means 3 
then outputs the ratio thus determined to the compression 
method determination information acquiring means 4. 
Upon receipt of the ratio of compression from the com 

pression ratio computing means, the compression method 
determination acquiring means 4 acquires information, Such 
as an characteristic factor, for determining the method of 
compression. The compression method determination infor 
mation acquiring means 4 then outputs the information to 
the compression method determining means 5. The com 
pression method determining means 5 selects a method of 
compressing the reproducible color gamut, based on the 
information (characteristic factor) output from the compres 
sion method determination information acquiring means 4. 
the selection being done from reproducible color gamut 
compression methods stored in a memory (not shown). The 
compression method determining means 5 then outputs the 
information relating to the compression method to the 
reproducible color gamut compressing means 6. The repro 
ducible color gamut compressing means 6 compresses the 
image data, performs conversion of the reproducible color 
gamut, generates three color signals constituting the com 
pressed image data, based on the three color signals included 
in the image data, the ratio of compression received from the 
compression ratio computing means 3, and the information 
related to the compression method received from the com 
pression method determining means 5. The three color 
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6 
signals of the compressed image data are sent to the image 
data outputting means 7 so as that the image is displayed on 
a liquid crystal panel, a CRT, a DLP device or a projector. 
The image data output means 7 may display the image after 
Subjecting the image to gradation correction or data format 
conversion adapted for the characteristic of the display 
device. 
A detailed description will now be given of the operations 

of the respective means shown in FIG. 1. 
The operation of the target reproducible color gamut 

computing means 2 will be described first. The target 
reproducible color gamut computing means 2 is provided 
with a function of determining by computation a reproduc 
ible color gamut common to a plurality of display devices so 
that the colors reproducible in the respective devices are 
properly mapped to each other. 

FIG. 2 shows a method of computation employed by the 
target reproducible color gamut computing means 2. As 
shown in FIG. 2, display devices a and b are evaluated to 
determine triangles defined by Straight lines between points 
indicating chromaticity values of R (255, 0, 0), G (0, 255, 0) 
and B (0, 0,255) on a x-y space. Points of intersection of the 
two triangles associated with the respective display devices 
are determined by computation. Of the triangles formed by 
these points of intersection, a triangle formed by the points 
closest to the respective R, G, B chromaticity points of the 
two display devices is chosen as a common reproducible 
color gamut (common area). When Y (brightness) of each of 
R, G, B is different from device to device, Y of a vertex of 
the triangle determined according to the aforementioned step 
is determined by Y (c, min)<Y (c. calc)<Y (c. max), where 
c indicates one of R, G, B colors, Y (c., min) indicates a 
minimum value of Y of the color c reproducible by one of 
the two devices, and Y (c. max) indicates a maximum value 
of Y of the color c reproducible by one of the two devices. 
The chromaticity values (x, y, Y) thus computed is input 

to the compression ratio computing means 3 as reproducible 
color gamut information of the two display devices. Y of the 
color “white' reproducible by one devices is compared with 
that of the other device so that the chromaticity value (x, y, 
Y) of the device characterized by a lower Y value is output 
as the reproducible color gamut information of the color 
“white'. When the reproducible color gamut of the display 
device a is included in the reproducible color gamut of the 
display device b, the reproducible color gamut of the display 
device a is designated as the common reproducible color 
gamut. 
A description will now be given of the compression ratio 

computing means 3. The compression ratio computing 
means 3 is provided with a function of computing a maxi 
mum ratio of compression, based on the reproducible color 
gamut information input from the target reproducible color 
gamut computing means 2. FIG. 3 illustrates a method of 
computing the maximum compression ratio. The triangle of 
the display device b shown in FIG. 2 is not necessary so that 
FIG. 3 only shows the triangle of the display device a and 
the triangle representing the common area. 
Upon receipt of the reproducible color gamut information 

from the target reproducible color gamut computing means 
2, the compression ratio computing means 3 determines by 
computation a point of intersection between a side of the 
triangle defining the common area and a line connecting the 
vertex of the triangle of the display device a and “white' 
(W). The maximum compression ratio is determined as 
A1: A2, where A1 indicates a distance between the vertex of 
the triangle of the display device a and the point P1, and A2 
indicates a distance between the point P1 and white (W). The 
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compression ratio computing means 3 computes the maxi 
mum compression ratio for each of R, G, B and outputs the 
respective ratios to the compression method determination 
information acquiring means 4. 

In the illustrated example, the compression ratio is deter 
mined using the X-y chromaticity space. Alternatively, the 
ratio may be computed using a color space of the input 
system obtained by conversion from the XYZ chromaticity 
coordinate system. 
A description will now be given of the compression 

method determination information acquiring means 4. The 
compression method determination information acquiring 
means 4 is provided with a function of acquiring information 
related to determination of the compression method by 
analyzing the R, G, B color signals of the image data. The 
information related to the determination includes the char 
acteristic factor obtained by analysis of the image data. 
There is no single reproducible color gamut compression 
method that can be successfully applied to every image. The 
compression method is image-dependent. Different com 
pression methods may be used for different environments in 
which the display device is installed, and for different 
purposes and usage. For example, if an image is rich in 
bright tones or in dark tones, the compression method is 
applied Such that the gradation in the bright-tone portion or 
the dark-tone portion is maintained. If the tone distribution 
is so evenly as to cover the entire dynamic range, the 
compression method that equally compresses the area out 
side the reproducible color gamut is suitably used. Thus, it 
is preferable that the compression method be determined 
based on information such as the distribution of the tone 
levels. For this purpose, the compression method determi 
nation information acquiring means 4 is provided with the 
function of acquiring the information for determination of 
the compression method. 
A description will now be given of the operation of 

information acquisition. The R,G,B data of the pixels of the 
image to be displayed are used to determine the tone 
distribution characteristic. The criterion for computing the 
distribution may be a minimum value or a maximum value 
of R, G, B of each pixel, a difference between a maximum 
value and a minimum value of R, G, B, or a sum of R, G, 
B values. If the difference between the maximum value and 
the minimum value of R, G, B of a pixel is used as a 
reference to compute the distribution, a distribution relating 
to color Saturation is obtained. In this case, a method adapted 
for exclusively compressing areas with high color Saturation 
may be suitably used. If the minimum value of R, G, B of 
a pixel is used as a reference to compute the distribution, a 
distribution relating to the brightness, capable of Success 
fully reproducing an image with low brightness, is obtained. 
To images profiled by Such a distribution, a compression 
method adapted for maintaining the gradation of the low 
brightness area may be favorably used. If the maximum 
value of R, G, B of a pixel is used as a reference to compute 
the distribution, or if the sum of the R, G, B values of a pixel 
is used as a reference, the principle of additive process of 
colors ensures that a light-quantity distribution, relating to a 
Sum of the quantity of light, is obtained. Accordingly, a 
process targeting the brightness of the image may be suitably 
performed. 

Alternatively, a combination of the above-described 
methods may be employed to determine an associated 
distribution, so that a compression method suitable for the 
distribution may be used. For example, by using the maxi 
mum value of R, G, B and the minimum value of R, G, B 
as references, a distribution indicating the border of a 
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8 
reproducible color gamut is known. In order to process an 
image profiled by Such a distribution, a compression method 
adapted for compressing the entirety of the reproducible 
color gamut may be suitably used. A linear compression 
method may be applied to an image rich in dark tones or an 
image rich in bright tones. A non-linear compression method 
using approximation by high-order functions may be applied 
to images that are not rich in dark tones or bright tones. A 
clipping compression method may be applied to an image 
profiled by color saturation distribution adjacent to and 
inside the border of the reproducible color gamut. 

If an image in which dark tones are not thinned out is 
preferable, a compression method adapted for lowering the 
tone of dark-tone areas is favorable. In such a case, the linear 
compression method is used. 
A description will now be given of the compression 

method determining means 5. The compression method 
determining means 5 is provided with a function of selecting 
a compression method suitable for the characteristic factor, 
based on the compression method determination informa 
tion Supplied from the above-mentioned compression 
method determination information acquiring means 4. Meth 
ods of compression adapted for the characteristic factor 
include the linear compression method, the non-linear com 
pression method and the clipping compression method. The 
linear compression method may be used when an image is 
prominently rich in halftones. If an tone distribution is so 
evenly as to cover the entire dynamic range, the non-linear 
compression method is used. 

FIG. 4 shows a distribution of pixel count for each level 
of tone, illustrating how a compression method is deter 
mined by the compression method determining means 5. 
When the pixel count for a range oftone levels between min 
% and max % exceeds const 9% of the total pixel count, the 
linear compression method is employed. In FIG. 4, min 
indicates a threshold level marking a dark-tone range, 
wherein 0<min-25%, max indicates a threshold level 
marking a bright-tone range, wherein 75-max<100%. 
Referring also to FIG. 4, const indicates a parameter for 
determining a pattern of tone distribution, wherein 
0<const-30%. 
When the dispersion characterizing the distribution of 

pixel count over a range oftone levels is below, for example, 
a predetermined level 2a, the non-linear compression 
method is used. If the distribution shown in FIG. 4 is 
normalized to a normalized distribution ranging between 0 
and 1, the value of C. may be, for example, 0.15. However, 
other values for a may also be prescribed. 
A description will now be given of the reproducible color 

gamut compressing means 6. The reproducible color gamut 
compressing means 6 is provided with a function of per 
forming reproducible color gamut compression using the 
color reproduction compression method determined by the 
compression method determining means 5 under the condi 
tion described above. The three color signals of the com 
pressed image data is sent to the image data output means 7. 
The image data output means 7 then outputs the image data 
to the display device. 

Thus, according to the first embodiment, color gamut 
compression adapted for the mage is performed. Therefore, 
color reproduction in which unnaturalness is reduced is 
available. Since division of color space is not performed, 
color reproduction with smooth transition between colors is 
possible. Moreover, since the computation is performed in a 
color space of the input image data or in the chromaticity 
coordinates, there is no need for color space conversion. The 
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processing speed is relatively high. Real-time processing is 
possible as a result of less heavy load on a CPU. 

Second Embodiment 

According to the first embodiment, the compression 
method determination information (characteristic factor) is 
derived from analysis of the distribution pattern of the image 
data. The compression method is determined based on the 
information thus derived. The second embodiment provides 
an alternative in which the information referred to in deter 
mining a compression method is acquired from an image 
pattern selected by a user. The compression method is 
selected based on the acquired information. FIG. 5 shows 
how the reproducible color gamut compression according to 
the second embodiment is constructed. 

Referring to FIG. 5, the color gamut compression appa 
ratus comprises the image data input means 1, the target 
reproducible color gamut computing means 2, the compres 
sion ratio computing means 3, the compression method 
determining means 5, the reproducible color gamut com 
pressing means, and the image data output means 7. In 
FIGS. 1 and 5, like numerals represent like elements, and the 
description thereof is omitted. The reproducible color gamut 
compression apparatus further comprises a user information 
acquiring means 8 for acquiring information related to an 
image pattern selected by a user, in the form user informa 
tion. The compression method determination information 
acquiring means 4 according to the second embodiment 
differs from that of the first embodiment shown in FIG. 1 in 
that the compression method determination information is 
acquired from the user information acquired by the user 
information acquiring means 8. 
A description will now be given of the operation. 
The image data input means 1 pre-processes the three 

color signals of the input image data before outputting the 
image data to the compression ratio computing means 3. The 
target reproducible color gamut computing means 2 deter 
mines the target reproducible color gamut, based on the 
color reproduction characteristics of two different display 
devices, and outputs the result of determination to the 
compression ratio computing means 3. The compression 
ratio computing means 3 computes a ratio of compression 
toward a boundary of target reproducible color gamut, based 
on the three color signals included in the image data, 
information relating to the target reproducible color gamut 
input from the target reproducible color gamut computing 
means 2. 
The user information acquiring means 8 presents image 

patterns to the user to allow selection using a user interface. 
Information related to the image pattern selected by the user 
is acquired in the form of user information and output to the 
compression method determination acquiring means 4. The 
compression method determination information acquiring 
means 4 acquires the compression method determination 
information for determining the compression method, based 
on the user information thus Supplied, and delivers the 
compression method determination information to the com 
pression method determining means 5. The compression 
method determining means 5, receiving the compression 
method determination information, which is based on the 
user information, selects a method of compressing the 
reproducible color gamut, the selection being done from 
reproducible color gamut compression methods stored in a 
memory (not shown). The compression method determining 
means 5 then outputs the information relating to the com 
pression method to the reproducible color gamut compress 
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10 
ing means 6. The reproducible color gamut compressing 
means 6 compresses the reproducible color gamut, based on 
the three color signals included in the image data, the ratio 
of compression received from the compression ratio com 
puting means 3, and the information related to the compres 
sion method received from the compression method deter 
mining means 5. The reproducible color gamut compressing 
means 6 then outputs the three color signals of the com 
pressed image data. 
The reproducible color gamut compression according to 

the second embodiment allows selection of a parameter that 
is given priority in performing reproducible color gamut 
compression. In contrast to the first embodiment, where the 
compression method determination information is derived, 
by computation, from the characteristic factor obtained by 
analyzing the distribution pattern of the image, the repro 
ducible color gamut compression according to the second 
embodiment determines the compression method determi 
nation information depending on the user selection. That is, 
the user is allowed to select a parameter that is given a 
priority in determining the reproducible color gamut com 
pression. FIG. 6 shows an example of user interface pro 
vided in the user information acquiring means 8. Referring 
to FIG. 6, a user interface 11 includes a controllable param 
eter selection button 12 that allows a user to select a 
parameter related to the compression method, and a com 
pression level control bar for designating the level of com 
pression related to the parameter selected by the controllable 
parameter selection button. 12. 
The controllable parameter selection button 12 displays 

parameters “brightness”, “contrast and “color saturation 
related to the compression method, i.e., parameters related to 
the characteristic factor, so that the user is given a choice of 
a priority parameter. If “contrast’ is selected by the user, the 
user is then allowed to select the desired degree of contrast 
using the compression level control bar 13 below. The scale 
of +10 to the left of the compression level control bar 13 
indicates the highest contrast and -10 to the right indicates 
the lowest contrast. The selected parameter and compression 
level is output to the compression method determining 
means 5 wherein a selection of the compression method is 
made. Assuming that “contrast’ is selected and +10 is 
selected, a compression method adapted to lower the tone of 
low-tone areas is selected. 

Thus, according to the second embodiment, it is possible 
to perform reproducible color gamut compression in accor 
dance with the user preference. Color reproduction in which 
unnaturalness is reduced is available. Since division of color 
space is not performed, color reproduction with Smooth 
transition between colors is possible. Moreover, since the 
computation is performed in a color space of the input image 
data or in the chromaticity coordinates, there is no need for 
color space conversion. The processing speed is relatively 
high. Real-time processing is possible as a result of less 
heavy load on a CPU. 

Third Embodiment 

FIG. 7 shows an example of a construction of the com 
pression ratio computing means 3 adapted for the reproduc 
ible color gamut compressing method according to the third 
embodiment. Referring to FIG. 8, the reproducible color 
gamut compression apparatus according to the third embodi 
ment comprises a trichromatic compression ratio computing 
means 21 for computing a compression ratio, described in 
the first and second embodiments, for each of the three 
primary colors constructing the image data. An individual 
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hue compression ratio computing means 22 computes, for 
each hue, the compression ratio of a complementary color of 
each of the three color signals, according to the principle that 
enable an additive process of colors. The compression ratio 
computing means 3 includes the trichromatic compression 
ratio computing means 21 and the individual hue compres 
sion ratio computing means 22. The other components of the 
reproducible color gamut compression apparatus are the 
same as the corresponding components assigned like numer 
als and shown in FIG. 1. 
A description will now be given of the operation. 
The three color signals constructing the input image data 

is pre-processed by the image data input means 1 and 
Supplied to the compression ratio computing means 3. The 
target reproducible color gamut computing means 2 deter 
mines the target reproducible color gamut, based on the 
color reproduction characteristics of two different display 
devices, and outputs the result of determination to the 
compression ratio computing means 3. In a similar construc 
tion to the first embodiment, the trichromatic compression 
ratio computing means 21 of the compression ratio comput 
ing means 3 computes, for each of the three primary colors 
of the three signals constructing the image data, a ratio of 
compression toward a boundary of target reproducible color 
gamut, based on the information related to the reproducible 
color gamut Supplied from the target reproducible color 
gamut computing means 2. The compression ratio comput 
ing means 3 then outputs the compression ratio thus com 
puted to the compression method determination information 
acquiring means 4. 
When the display device is of a type characterized by the 

additive process of colors, every color is represented by an 
additive process of three primary colors. Thus, the compres 
sion ratio of C. M. Y. complementary to the three primary 
colors, is computed linearly in accordance with the propor 
tion of the three primary colors added. Given the compres 
sion ratio of the three primary colors, it is not only possible 
to compute the compression ratio of the complementary 
colors but also to compute the compression ratio for each 
hue. When the display device is of the type characterized by 
the additive process, the individual hue compression ratio 
computing means 22 computes for each hue the compression 
ratio of the complementary colors of the three color signals 
constructing the image data according to the principle of 
additive process. The individual hue compression ratio com 
puting means 22 then outputs the compression ratio thus 
computed to the compression method determination infor 
mation acquiring means 4. The Subsequent steps of opera 
tion performed are the same as the corresponding steps of 
the foregoing embodiments. 

Thus, according to the third embodiment, a highly precise 
color reproduction for images is available by varying the 
compression ratio for each hue. In a similar configuration to 
the first embodiment, reproducible color gamut compression 
adapted for the image is performed so that color reproduc 
tion in which unnaturalness is reduced is available. Since 
division of color space is not performed, color reproduction 
with smooth transition between colors is possible. More 
over, since the computation is performed in a color space of 
the input image data or in the chromaticity coordinates, there 
is no need for color space conversion. The processing speed 
is relatively high. Real-time processing is possible as a result 
of less heavy load on a CPU. 
The present invention is not limited to the above-de 

scribed embodiments, and variations and modifications may 
be made without departing from the scope of the present 
invention. 
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What is claimed is: 
1. A reproducible color gamut compression method 

adapted for a combination of a plurality of display devices 
that are different in reproducible color gamut, for converting 
a color not reproducible by a target display device into a 
reproducible color, comprising the steps of 

computing a target reproducible color gamut, based on 
color reproduction characteristics of the plurality of 
devices, so as to produce reproducible color gamut 
information; 

computing a compression ratio used to compress a source 
reproducible color gamut, based on a reproducible 
color gamut of the target device and the reproducible 
color gamut information; 

acquiring compression method determination informa 
tion; 

determinig a method of compressing the source reproduc 
ible color gamut, using the compression method deter 
mination information; and 

converting the source reproducible color gamut into the 
target reproducible color gamut, using the compression 
method thus determined. 

2. The reproducible color gamut compression method 
according to claim 1, further comprising the steps of 

extracting a characteristic factor by analyzing a distribu 
tion pattern of data of an image to be displayed; and 

determining the method of compressing the Source repro 
ducible color gamut based on the compression method 
determination information acquired as a result of com 
putation on the extracted characteristic factor and a 
predetermined reference value. 

3. The reproducible color gamut compression method 
according to claim 2, wherein one of a tone-level distribu 
tion, a color saturation level distribution and a brightness 
level distribution, determined from pixel-by-pixel signal 
values of the image data, is examined in extracting the 
characteristic factor. 

4. The reproducible color gamut compression method 
according to claim 1, further comprising the steps of 

allowing a user to select an image pattern to produce user 
information; 

acquiring the compression method determination infor 
mation based on the user information; and 

determining the method of compressing the Source repro 
ducible color gamut based on the compression method 
determination information acquired based on the user 
information. 

5. The reproducible color gamut compression method 
according to claim 1, the method being adapted for compu 
tation of the compression ratio whereby the Source repro 
ducible color gamut of a display device, of a type charac 
terized by an additive process of colors, is compressed, and 
further comprising the steps of 

computing the compression ratio of each of complemen 
tary colors of three color signals constructing the image 
data to be displayed, based on the principle of the 
additive process; and 

applying the computed compression ratio for each hue. 
6. The reproducible color gamut compression method 

according to claim 1, further comprising the steps of 
computing the compression ratio used to compress the 

Source reproducible color gamut, in one of an input 
color space and chromaticity coordinates; and 

performing reproducible color gamut compression using a 
compression method acquired on the basis of the com 
puted compression ratio. 
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7. A reproducible color gamut compression apparatus, 
comprising: 

image data input means for receiving image data con 
structed of three color signals and displayed by a 
plurality of display devices that are mutually different 
in reproducible color gamut, 

target reproducible color gamut computing means for 
computing a target reproducible color gamut to which 
compression occurs, based on color reproduction char 
acteristics of the plurality of display devices, and 
outputting reproducible color gamut information; 

compression ratio computing means for computing a 
compression ratio used to compress a source reproduc 
ible color gamut, based on the reproducible color 
gamuts of the display devices and the reproducible 
color gamut information output from said target repro 
ducible color gamut computing means; 

compression method determination information acquiring 
means for acquiring compression method determina 
tion information used to determine a method of com 
pressing the source reproducible color gamut, 

compression method determining means for determining 
the compression method used to compress the Source 
reproducible color gamut, using the compression 
method determination information acquired by said 
compression method determination information acquir 
ing means; and 

reproducible color gamut compressing means for convert 
ing the Source reproducible color gamut into the target 
reproducible color gamut, using the compression 
method determined by said compression method deter 
mining means. 

8. The reproducible color gamut compression apparatus 
according to claim 7, wherein said compression method 
determination information acquiring means extracts an char 
acteristic factor by analyzing a distribution pattern of data of 
the image to be displayed, so as to determine the compres 
sion method determination information, based on a result of 
computation on the characteristic factor and on a predeter 
mined reference value, and wherein said compression 
method determining means has a function of determining the 
method of compressing the Source reproducible color gamut, 
based on the compression method determination informa 
tion acquired by said compression method determination 
information acquiring means. 

9. The reproducible color gamut compression apparatus 
according to claim 8, wherein one of a tone-level distribu 
tion, a color saturation level distribution and a brightness 
level distribution, determined from pixel-by-pixel signal 
values of the image data, is examined by said compression 
method determination information acquiring means in 
extracting the characteristic factor. 

10. The reproducible color compression apparatus accord 
ing to claim 7, further comprising: 

user information acquiring means for allowing a user to 
Select an image pattern so as to produce user informa 
tion, wherein 

said compression method determination information 
acquiring means has a function of acquiring the com 
pression method determination information, based on 
the user information. 

11. The reproducible color gamut compression apparatus 
according to claim 7, the apparatus being adapted for 
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computation of the compression ratio whereby the source 
reproducible color gamut of a display device, of a type 
characterized by an additive process of colors, is com 
pressed, wherein 

said compression ratio computing means comprises: 
individual hue compression ratio computing means for 

computing the compression ratio of each of comple 
mentary colors of three color signals constructing the 
image data to be displayed, based on the principle of 
the additive process, and applying the computed com 
pression ratio for each hue. 

12. A reproducible color gamut compression apparatus for 
use in displaying image data on a plurality of devices having 
mutually different reproducible color gamuts, the method 
comprising: 

an image data input for receiving image data including 
three color signals; 

a target reproducible color gamut computing unit for 
computing a target reproducible color gamut based on 
color reproduction characteristics of the plurality of 
devices, and outputting common reproducible color 
gamut information; 

a compression ratio computing unit for computing a 
compression ratio to compress a source reproducible 
color gamut based on a reproducible color gamut of a 
target device and the common reproducible color 
gamut information; 

a compression method determination unit for acquiring 
compression method determination information and 
determining a method of compressing the Source repro 
ducible color gamut based on the acquired information; 
and 

a reproducible color gamut compressing unit for convert 
ing a source reproducible color gamut into the target 
reproducible color gamut using the determined com 
pression method. 

13. The reproducible color gamut compression apparatus 
according to claim 12, further comprising: 

a user information input for allowing a user to select an 
image pattern to produce user information; and 

wherein the acquired compression method determination 
information includes the user information. 

14. The reproducible color gamut compression apparatus 
according a claim 12, wherein the compression ratio com 
puting unit comprises: 

an individual hue compression ratio computing unit for 
computing the compression ratio of each of comple 
mentary colors of three color signals constructing the 
image data to be displayed based on a principle of an 
additive process of colors. 

15. The reproducible color gamut compression apparatus 
according to claim 12, wherein the common reproducible 
color gamut information comprises a triangle formed by 
points closest to respective R, G, B chromaticity points of 
the plurality of devices. 

16. The reproducible color gamut compression apparatus 
according to claim 15, wherein the brightness Y of each of 
the R, G, B points is different from device to device. 


